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NOBTHEBN DISTRICT OF NEW TORE, TO WIT: 

Bi IT Rbhbmbbkbd, That on the eleventh day of December, Anno 
Domini, 1843, JOHN CUTTS SMITH, of the said DMMct, hac deposited 
in this Office the title of a Book, the title of which is in the words follow- 
tng, to wit : 

" A Key to the Endless, Self-computing Scale, showing its Application tc 
the diflerent Rules of Arithmetic, kc. By Aaron Palmbk/' 

The right whereof he claims ai proprietor. In conformity with an Act 
of Congreas entitled An Act to amend the several Acts respecting Copy 
Rights. 

[A true copy ol record.: ANSON LITTLE, 

Ckrk of the District, 



BTHRBOTTPBO BT 

GEORGE A. CURTIS, 

BMOLAKO TtPI AND BTBBBOTTPI FOtnTDBT, 
BOSTOV. 
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PAI.IIER'8 

ENDLESS SELF-COMPUTING SCALE. 



The proprietors of this invaluable work, beg leave to pre- 
lent the public with the following notice. 

This Scale (the result of three years' incessant labor) is 
designed as an assistant in all arithmetical calculations. The 
simplicity, rapidity, and accuracy of its results, have as- 
tonished our best mathematicians. It consists of a loga- 
rithmic combination of numbers, arranged in two or more 
circles, one of which is made to revolve within the other ; 
wluch protess constantly changes the relation of the figures 
to each other, and solves an infinite variety of problems. -Its 
advantages are, — 

1st. A complete saving of nunUU labor ; for, by the use of this 
Scale, the most intricate calculations are . but a 
pleasurable exercise of the mind. 

2d. A great saving of time. Computations requiring from 
mree to four days, are wrought out by this Scale in 
the incredible short space of one minute. 

3d. Complete accuracy. The results of the computations on 
this Scale, are infallible. Errors are entirely out of 
the question, except through sheer carelessness. 

4th. Menial improvement. By this Scale, a knowledge of the 
philosoj^y of numbers, and their relation to each 
other, is soon obtained. ' So that, in a little time, many 
of the common calculations are wrought out by the 
mere exercise of the mind. 
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RECOIIENDATIONS 

OF THE ENDLESS SELF-COMPUTING SCALE. 

Rochester, Jan. 19, 1842. 
Thb " Self-Computing Scale," by A. Palmer, is a very in- 
genious and interesting instrument for performing most of the 
operations in arithmetic. The principle is very plain ; and th^ 
accuracy, and certainty, and rapidity of the results are very 
striking. C. DEWEV, 

Frincipdl of CoUegiate Institute. 

RocktsteTy January 19, 1842. 
Having particularly examined Mr. Palmer's " Self-Com- 
puting Sciaie," I fully concur in the above testimonials of Dr. 
Dewey. SAMUEL LUCKEY, D. D. 

Attica^ March 5, 1842. 
From an examination of the " Self-Computing Scale," by 
Mr. Palmer, I can most cheerfully concur in the above recom- 
mendations, and hope it may be introduced into our schools 
and academies. E. B. WALSWORTH, 

Principal of Attica Academy. 

Buffalo, AprU 5, 1842. 
We have examined tne above mentioned Scale, and concar 
m the certificate of Professor Dewey. 

W. K. SCOTT, Civ. Eng. 
B. W. HASKINS, M. A. 
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Brockporty Feb, 19, 1842 
I have caiefuUj examhied " The Endless Self-Compotiiig 
Scale/' by Mr. Aaron Palmer ; and, without hesitation, gire 
it as mj opinion, that it will be found a yery useful inyention. 
All the problems in arithmetic can be readily solved upon it, 
and most of them with great expedition, particularly the rules, 
for computing interest for months and days, at any per cent., 
the Rule of Three, and Fractions.. In the apportionment of 
Counts, Town, and School Taxes, it will be found almost in- 
valuane, as it requires to be set but once, to show each man's 
lax. JULIUS BATES, M. A. 

Principal of Collegiate Institute. 

Cambridge^ Oct. 20, 1843. 
I have examined Mr. Aaron Palmer's << Endless Self-Com- 
puting Scale f* it is simple and most ingenious, and I cheer- 
thlly concur m Mr. Julius Bates's judicious recommendations 
of its utility. BENJAMIN PEIRCE, 

Perkins Professor of Astronomy and Mathematics 
in Harvard Universitp. 

BosUm, Ockibvr 24, 1843. 
Mr. Palmer's "Self-Computing Scale" is certainly a very 
ingenious arrangement of numbers, and it will save a great 
amount of time in the hands of those who have computing to 
perform, whatever be the subject of the computation. 

FREDERICK EMERSON, 
Author of the North American Arithmetic. 

I heartily concur in ihe above recommendaiion. 

WILLIAM B. FOWLE, 
i^e Teacher of the Female Monitoriai School, Bost^m 

Boston, October 23, 1843. 
Mr. Aaron Palmer, 

Sir: Your '< Self-Computing Scale" appears to me an 
exceedingly useful invention. I shall be glad to possess one 
of them, as it will save me much labor, and I doubt not that 
many persons will find the same advantage in its use. 
Respectfully your servant, 

JOHN S. TYLER, 
2totary Public and hisurance Brtier 
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Boston, October 24, 1843. 
I hftve examiued Mf. Aarun Fahner's « Self-Compnting 
Setie^' it strikes me as beluga very convenient labor-saving 
machine; and tliat it will he highly aseful in calculating 
interest, general average, or dividends on a bankrupt's estate, 
and for other similar purposes. S. £. SB WALL, 

Counsellor at Lam 



I have examined " The Endless Self-Computing Scale " of 
Mr. Palmer, and with pleasure express m^ high admiration 
of it. It is constructed on the only principle acknowledged 
by scientific men, since the invention of Logarithms, adequate 
to such purposes. Over all sliding Logarithmic Scales, it 
possesses a vast superiority, both in facility of use and ac- 
curacy of result. For this superiority, it is indebted to its 
circular form. liVith a diameter of about eight inches, it is 
equivalent to a common sliding scale of four feet with its slide 
of the same length, making when drawn out, a rod of about 
eight feet in length. It will be seen that its accuracy will be 
proportionably greater, as a circle can be constructed more 
exact than such a scale. G. C. WHITLOCK, 

Frofessor of Mathematics and Natural Science 
in Genessee Wesleyan Seminary. 

Mr. Aaron Palmer, 

Sir : I have taken much pleasure in testing the power of 
your " Self-Computing Scale," by examples from nearly all 
the arithmetical rules. I am particularly struck with its grpat 
facility and accuracy in computing interest, apportioning divi- 
dends, and performmg pronortions generally. From the best 
examination I have been able to give it, I think it at once a 
most simple and wonderful invention ; and I am confident, 
that when perfected, it. will come rapidly into extensive public 
use, and will prove of singular benefit to (hose having occa* 
sion to make frequent computations in Bankruptcy, Insol- 
vency, Insurance, Averages^ Taxation, and the like branches 
tifbusiness. AMOS B. MERRILL, 

10 Court Street, Boston. 



,y Google 



THE TIME TELEGRAPH. 

The Time Telegraph is composed of a beautiful 
steel plate engraving, neatly executed by G. G. Smith, 
of Boston, upon the surface of which is arranged in 
circles four lines or rows of niimbers ; upon the move- 
able circle is placed the nanaes of the twelve calendar 
months, to which is affixed the number of days in each 
month, 365 making the entire circle ; the inner row 
of numbers found upon the stationary circle, running 
from 1 to 365, is used for calculating time to come ; 
the outer row of numbers on the stationary circle is 
reversed, and is used for the purpose of calculating 
time past. The manner of ascertaining the number 
of days from any given day in any month, is readily 
found by simply turning the moveable circle unto the 
day of ^e month from which you compute is directly 
opposite the gauge point affixed at the figures 365, 
then opposite the day of the month to which you wish 
to reckon is found the exact number of days required. 
Upon the stationary circle is also found the weeks, 
from one to 52 ; to these are added divisions of 30 
days, so that any portion of the year can be brought 
into months as readily as the fingers of the hand can 
be reckoned. The Time Telegraph will be found of 
invaluable benefit in working equation of payment^ 
&c. 



Entered ftccordiiig to Act of Congress, A.D. 1845, 
By JoBN E. Fuller. 
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INTRODUCTION. 



Thb undeTsigned, proprietor of the Copy Right of 
Palmer's Endless Self-Computing Scale, and hav- 
ing been engaged in introducii)ig«nd selling the same for 
about' eighteen months past, and become exten- 
sively acquainted with the wants of the community, 
has been induced to introduce an improvement for 
which he has secured a Copyright, both for the Scale 
and Key, and is assured that all persons in com* 
mencing the use of the Scale will be very much 
assisted. The character of the Scale is too well estab- 
lished to need remarks. Having personally introduced 
it to about Four Thousand persons ; by very many of 
Tvhom he has had repeated assurances of their high ap- 
preciation of its value, he can with confidence refer oth- 
ers who may wish to possess it, to any of those who may 
have used it in any of the various rules of Arithmetic. 
His only desire is that its future patronage shall be pro- 
portionate to its true merits. 

JOHN E. FULLER. 
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KEY TO THE SCALE. 



DESCEIPTION OF THE SCALE. 

The figures on both parts of the scale, are pre- 
cii^ely alike, and may be called whole numbers or 
parts of numbers, according to the nature of the 
' problem to be solved. The large figure 1 may be 
called y^, or t^tti or iV» <>^ 1» or 10, or 100, or 
1000, or 10000, &c., &c. If it be called TiAny* the 
large figure 2 will be tAtt* the large 3 will be t(^» 
and so on ; and the next. sized figures between those 
large ones, will then be TjjhfV* TTyiiTTyt Trrhivy ^- 5 
and the still smaller ones will be Tuxftunji ^^- ^^ 
the large 1 be' called 1, then 2 is 2, 3 is 3, &c. ; and 
the next sized figures are tenths, and the third sized 
ones are hundredths, &c. If the large 1 be called 

10, the large 2 is 20, 3 is 30, &c. ; and the next sized 
figures are whole numbers — the first after the 1 is 

11, the next 12, the next 13, 6cc. If the large 1 be 
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called I00> 2 is 200, &c. ; and the next sized figures 
then will read 10, 20, 30, 6cc, ; and the smallest 
sized figures will then be whole numbers. 

N. B. — ^Whenever fig. 1 is referred to, it means 
the large fig.. 1 at the diamond — unless otherwise 
explained. 
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A TABLE OF GAUGE POINTS USED ON 
THIS SCALE. 

I., at the diamond, is the gauge point forMuItipli 
ration, Division, &;c., &c. 
A. Area of a Circle. 
C. Circumference of if Circle. 
. B. G. Beer Gallons. 
W. G. Wine Gallons. 
15. for months, at 8 per cent* 

for months, at 7 per cent. 
2. for months, at 6 per cent. 

for days, at 8 per cent, 
for days, at 7 per cent, 
for days, at 6 per cent. 
107. Compound Int. for years, at 7 per cenu 
106. do. do. do. 6 do. ' 

160. for Acres. 
144. for Square Timber. 
9. Yds. Square. 

88C- Square and Circle, equal in Area. 
707. Inscribed Square. 
577. side of Inscribed Cube. 
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87. side of Inscribed Triangle. 
589. side of Pentagon, (5 sides.) 
5. side of Hexagon, (6 sides.) ' ^ 

437. side of Heptagon, (7 sides.) 
383. side of Octagon, (8 sides.) 
337. side of Nonagon, (9 sides.) 
31. side of Decagon, (10 sides.) 
282. side of Undecagon, (11 sides ) 
S6. side of Dodecagon, (12 sides.) 
464. diameter of 3 Inscribed Circlet. 
416'. diameter of 4 Inscribed Circles. 
785 . "^point for Area. 
314 . point for Circumfeienee* 
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To Perform Multiflication. 

Rule. — First find the multiplier on the circular. 
Place it opposite 1, then opposite the multiplicand 
found on the fixed part, is the product on the circular. 

Example. — Wha^t is the product of 4 by 2 ? 

Place 2 opposite 1 : then opposite 4 is the pro- 
duct =8. 

N. B. — Observe, now, that all the numbers and 
parts of numbers on the fixed part, are multiplied 
by 2, and their products are directly opposite thorn 
on the circular. So of any other multiplier. 

What is the product of 12 by 7 ? 

Place 7 opposite 1 : then opposite 12 is 84, the 

tswer. 

Of3by3? 

Place 3 opposite 1: then opposite 3 is 9, the 

iswer. 



answer 



What is the product of 8 by 2J ? 
Place 2*5 opposite 1 : then opposite 8 is 20, the 
answer. 

What is the product of 10 by 5 ? 
Place 5 opposite 1 : then opposite 10 is 50, the 
answer. Here you have to use the same figures both 
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times, calling them 1 and 6 the first time, and adding^ 
a cypher to each the next time. 

What is the product of 13 hy 3 1 
Place 3 opposite 1, then opposite 13 (found be* 
tween the large 1 and 2) is 39, the answer. 

What is the product of 50 by 4? 
Place 4 opposite 1 : now we must call the large S 
60 : opposite it is 200, the answer. 

What is the product of 24 by 3 ? 
Place 3 opposite 1 : then opposite 24 (found be* 
tweien the large 2 and the large 3) is 72, the answer. 

What is the product of 3 multiplied by '2 (two 
tenths) ? 

Now we must call the largei 2, two tenths. Place 
it opposite 1 : then opposite 3 is *6, (six tenths,) the 
answer. 

Division'. 

Bulb. — Find the divisor on the circular. Place il 
opposite 1: then opposite the dividend, found also 
ot the cilrcttlar, is the quotieht on the fiiced part.' 

Example. — 2 is in 8, how many times ? 

Place 2 opposite 1: then opposite 8 is 4, the 
answer. 

3i8'in,12,.howmany tiniei:C - 
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Place 3 opposite - 1 : then opposite 12 is 4, the 
answer. 

How many times 4 in 14 ? 
Place 4 opposite 1 : then opposite 14 is 3 and five 
tenths, (3*5,) the answer. 

Note. — ^WheneTer a divisor is placed opposite 1, all the 
numbers and parts of numbers oh the circular are divided 
by it. The quotients are on the fixed part. 

Example.-^FUce the divisor 2 opposite 1 : now opposite 
2 is 1, opposite 12 is 6, opposite 4 is 2, opposite 6 is 3, 
opposite 14 is 7, opposite 24 is 12, opposite 125 is 62-5, 
opposite 75 is 37*5, &c. 

To Multiply by onb NtrMBBR xnd Divide by another 

BY 0N£ flUfrLE PBOCESS. 

RiTLE. — Place the multiplier on the circular oppo- 
site the divisor : then, opposite the multiplicand is the 
result. 

Example, — ^What is the result of 22 multiplied by 
13 and divided by 14? 

Place 13 opposite 14 : then opposite 22 is 20*4^ 
the answer. 

FRACTIONS. 

To Change an Improper Fraction to a whole ou 
MIXED Number. 

BuLS.— ^Piace the ^merator foond on the circitiar 
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opposite thie denominator: tHen opposite I is the 
answer. 

Example, — A man spending ^ of a dollar per day, 
in 83 days would spend ^ of a dollar. How much 
would that be ? 

Place 83 opposite 6 : then opposite 1 is 813 83, 
the answer. 

In f of a dollar how many dollars ? 
Place 8 opposite 4: then opposite 1 is $2, the 
answer. 

To KEDI7CE A MiXED NuMBER TO AN IMPROPER 

Fraction. 

Rule. — Place the mixed number opposite 1 : then 
opposite the denomination to which you wish it re- 
duced is the answer. 

Example. — In 16^*^ of a dollar, how many ISths 
of a dollar ? 

Place 16<j^ opposite 1: the^^ opposite 12 is the 
number of 12ths in 16^, viz., 197sss:-^^, the answer. 

To REDUCE A Fraction to its lowest and all its 
Terms. 

Rule. — Place the numerator found on the circular 
opposite the denominator: then all the numbers 
standing directly opposite each other, are other terms 
of said fraction *, and the lowest of said numbers are 
its lowest terms. 
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Boduee || to its fewestldrms. 

Ptaoe 12 opposite 16 ; now 9 » opposite 18 (A,) 
& is opposite 8' (f,) iftitd 3 is opposite 4 (f ,) 'tli«* 
answer. 

To DiviDB A Fraction by a Whole Numbek. 

BuL^.^-Place the whole humber fbund on the eilr* 
culor opposite 1 : then opposite the denominator is a 
number^ which, placed opposite the numerator, is the 
answer. 

Example.'--l[ 2 yards of cloth cost J of a dollar, 
bow much is that per yard ? C^i ly ^^ 

S is in f how many times ? Place 2 opposite 1 : 
then opposite 3 is 6. Now place this opposite 2. and 
it will read f, the ainswersa^ ^. 

2 is in { how many times ? 
Place 2 opposite 1 : opposite 8 is 16. This, placed 
opposite 7, makes f^, the answer. 

To MULTIPLY A WhOLE NuMBER BY A FbACUON, OB 

A Fraction by a Whqlb Number. 

Rule. — ^Place the numerator found on the circular 
q)posite the denominator : then opposite the whole 
number is the answer. 

N. B. — Whenever a numerator is placed opposite 
a denominator, aU the numbers on the circular are 
that fractional part of the numbers opposite theiik 
2* 
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Example. — Place .3 opposite 4: this is }. Now 
the 3 is f of 4; 6 stands opposite 8, heing | of 8 ; 9 
ifli opposite 12 ; 12 is opposite 16, &c., &c. Now^ 
move the circular until 3 is opposite 5 : now all the 
numbers on the circular are f of those opposite them. 

NoTE.^-Wheneyer a numerator is placed opposite a de- 
lUHxdnator, thereby forming a vulgar fraction, the decimal 
of said vulgar fraction is opposite 1 ; hence, 

to ebduce vulgak fractions to decimal 
Fractions. 

KiTLE. — Place the numerator found on the circular 
opposite the denominator: then opposite lis the 
decimal fraction. 

Example. — What is the decimal of f ? 

Place 3 opposite 4: now opposite 1 is *75, the 
answer. 

What is the decimal of ( ? 

Place 7 opposite 8 : opposite 1 is '875. 

To EEDtrcE Decimal Fractions to Vulgar 

FSACTIONS. 

Btjle. — Place the decimal found on the circular 
opposite 1 : then any two figures standing directly 
opposite each other is the answer. 

Example. — ^What is the vulgar fraction equivalent 
to the decimal '6 ? 
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Flace 5 opposite 1 : now 1 is opposite 2sb^, the 
answer. 

To MlTLTIPLf ONB FHACTIOif BY AKOTftEE. 

Rule, — Reduce one to decimals: then place ihe 
namerator of the other opposite the denominator:' 
then opposite the decimal is the answer in detsimab, 
which, if desired, can he reduced to a vulgar fraction 
by the preceding rules. 

To REDUCE THE DiFFEBEMT CuRBENCIES TO FeDBBAI^ 

Money. 

Rule. — Place the 1 on the circtdar^ opposite the 
number of shillings and parts of a shilling composing 
a dollar of the currency to be reduced : then, opposite 
the given number of shillings is the answer. ' 

Example. — Reduce 5 shillings, ^New York cur- 
rency, to Federal money. 

Place 1 (on the circular) opposite 8 : then opposite. 
6 shillings, is -625, the answer. 

In 15 shillings, how much ? 
Opposite 15 is 1'875, the answer. 

In 32 shillings, English currency, how much ? 
Place 1 (on the circular) opposite 4*5 : then oppo* 
site 32, is 87*11, the answer. 

In 9 shillings, how' much ? 
Opposite 9 is $2, the answer. 
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INTEREST. 
To «eMP9TB Intebsst FOBr Vbaba. 

Biru.<^Place tbe rate per cent, found on the cir 
cttlsr, opposite I:: then of^posite thei principal k Am 
interest. 

ExampUr^WM is the interest of $S0 at ? per 
cent ? « 

Place 7 opposite 1 : then opposite 50 is $3*50, the 
answer. 

What is the interest on $40 at 6^ per cent. ? 
Place 6*5 opposite 1 : then opposite 40 is $2*60, 
the answer. 

To COKFUTE InTBBXST FOB MoifTHS. 

SxTLS. — ^Place the principal, (found on the circular,) 
opposite the gauge point for months at the given per 
cent. I thfen opposite the given number of months is 
the answer. 

Example* — ^What is the interest on i50 for three 
months at 7 per cent. ? 

Place 50, (found on the circular,) opposite 1714, (the 
gauge point for months at 7 per cent.,) then opposite 
3 months is *875, the answer. 

What is the interest on 960. for eight months at 
6 per ceni ^ 
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Place 60 opposite % (the gauge point for months * 
at 6 per cent.,) then opposite 8 months is $2*40, thd 
answer. 

To COMPUTE InTBEEST FOR DayS. 

Rule. — ^Place the pifincipal, (found on the circular.) 
opposite the gauge point for days at the given per 
cent. : then opposite the numher of days is the answer.. 

Example.'^Wh&i is the interest on $55 for 15. 
days at 6 per cent ? 

Place 55 opposite *600, (the gaugie point for days at 
6 per cent.,) Uien opposite 15 days is '13 3-4. 



The Principal and Interest being gitsn, to rmti^ 

THE RATE PER CENT. 

. Rule for one Year. — ^Place the interest oppdsit^ 
tl^e principal : then opposite 1 is the rate per cebt " 

. JSxample.—Receiyed $700 for the use of $50-00 
for one year; what was the rate percent. ? ' 

Place 7 opposite 50 : then opposite 1 is 14, the an- 
swer, 14 per cent* 

ijrave $4*00 for the use of $8000 one year : what - 
was the rate per cent. ? ' - \ 

Place 4 opposite 80 : then opposite 1 is 5, the an* 
swer, 5 per cent. 
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Bou FOR MoNTHS.-^PlfiCe the given interest op- 
poBitei the given number of montls : then observe the 
number opposite 12. Now place this number oppo- 
site the principal: then opposite 1 is the rate per 
cent. 

Exam'pLe* — Paid 25 cents for the use of 85*00 for 
4 months : what was the rate per cent. ? 

Place 25 opposite 4 : then opposite 12 is 75. Now 
place 75 opposite $5*00: then opposite 1 is 15, (15 
per cent.,) the answer. 

Gave 14 cents ler Uie use of $60'00 6ne month : 
what was the per cent. ? 

Place 14 opposite 1 : then opposite 12 is 1*68* 
Now place 1*68 opposite 60 : then opposite 1 is 2*8^ 
(d^ per cent.^) the answer. 

Rule for Days. — Place the given interest oppo- 
site the given nnmbe.r of days : then observe the in- 
terest opposite 365 (the number of days in a year). 
Place this opposite the principal : then opposite 1 is 
the rate per cent. 

£i»«itp20.— -Paid 14 c^nts for the use of $6400 
29 days : what was the rate per cent. ? 

Place 14 opposite 29 : now opposite 365 is $1*76. 
Now place 1*76 opposite 64 : then opposite 1 is 2*75, 
(2} per cent.,) the answer. 

Paid 23 cents for the use of 85000, 21 days : what 
was the rate per cent. ? 
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Place 23 opposite 21: now opposite 365 is 4. 
Place 4 opposite 60 : then opposite 1 is 8 per cent.y 
the answer. 

ThB RaTB PER GEKT. AND THE InTEKEST SBINO 
GIYBN, TO FIND THB PRINCIPAL. 

Bulb fob one Year. — Place the per cent, oppo- 
site 1 : then opposite the interest is the principal. 

Example. — At 7 per cent. I paid $3*50 for the use 
of money 1 year : what was the principal ? 

Place 7 opposite 1 : then opposite 3*50 is S50*00, 
the answer. 

Bulb for Months.^— Place the interest opposite 
the given number of months : then opposite the point 
of the given per cent., for months, is the answer. 

Example. — ^Gave 82*00 at 7 per cent, for three 
months : what was the principal ? 

Place 2 opposite 3: then opposite 1*714 is $114*30, 
the answer. 

Rule for Days. — ^Place the given interest oppo- 
isite the given number of days : then opposite the 
gauge point for days stands the. principal. 

Exatnple.-^Ai 7 per cent., gave 15 cents for 20 
days: what was the principal ? 

Place 15 opposite 20: then opposite' 521 (the 
gauge point for days at 7 per cent.) is $39*00, th* 
answer. 

Digitized by VjOOQ IC 



24 
Thb Bate pbr cent., Interest, and Principal beino 

GIVEN, TO FIND THE TiBlE. 

BuLE. — Place the interest of the given principal 
ibr one year opposite 12 : then opposite the given in- 
terest will be the answer in months and decimals of 
a month. Or, place the interest of the given princi- 
pal for one year opposite 365: then opposite the 
given interest will be the time in days. 

Example. — Gave 87,5 cents at 7 per cent, for 
$50-00 : how long did I have it ? 

The interest of $50-00 for one year, is $3-50. 
Place 3-50 opposite 12: then opposite '875 is the 
answer, 3 months. 

Grave 24 cents at 7 per cent, for the use of $50 : 
how long did I have it ? 

Place $3-50 opposite 365 : then opposite 24 is the 
answer, 25 days. 

Compound Interest. 

KuLE. — ^Place the principal opposite fig. 1 : then 
opposite the rate per cent, added to 100, on the fixed 
part, is the amount for one year. Place this amount 
opposite ^g. 1 : then opposite the same point is the 
^ount for two years. Place this last amount oppo- 
site 1 : then opposite the same point is the amount 
for 3 years, &c. 
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Example. — What is the compound interest- on 
$d'00 for 5 years at 6 per cent ? 

Place 5 opposite 1 ; then opposite 106, (the pec 
cent, added to 100,) is $5*30, the amount for 1 year. 
Now place $5*30 opposite 1 : then opposite 106 ifl 
$5*62, the amount for 2 years. Now place $5*62 
opposite fig. 1: then opposite 106 is $5*95. the 
amount for 3 years. Now place $5'95 opposite i^g, 
1 : then opposite 106 is $6*31, the amount for 4 
years. Now place $6*31 opposite fig. 1 : then oppo- 
site 106 is $6*69, the amount for 5 years. 

LOSS AND GAIN. 

Bought a hogshead of molasses for $60 : for how 
much must I sell it to gain 20 per cent. ? 

Rule. — Place 20 opposite 1 : then opposite 60 is 
what must be added to the original cost to gain said 
per cent., viz.. 12 : which added to 60=72. 

Bought cloth at $2'50 per yard ; but, being 
damaged, I am willing to sell it so as to lose 12 per 
cent. How must I sell it per yard ? 

Place 12 opposite 1 : then opposite $2*50 ia.*30, 
the amount to be deducted from $2-50, which will 
leave 2*20, the answer. 

Bought cloth at 50 cents per yard : sold it for 10 

cents advance from cost. What per cent. £d I 

make ? 

3 
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Place 10 opposite 50 : then opposite 1 is 20 per 
cent, the answer. 

Anotheb Method. — Place the original cost oppo- 
site 1 : then opposite the rate per cent, added to 100, 
is the answer. 

Exan^le, — Bought com at 50 cents per hashel : 
at how much must I sell it to gain 20 per cent. ? 

Place 50 opposite 1 : then opposite 120, is 60 
cents, the answer. 

Bought cloth at $2 per yard, and sold it at $3 per 
yard : what per cent, did I make ? 

Place 2 opposite 1 : then opposite 3 is 150, 50 per 
cent., answer. 

RULE OF THREE, OR PROPORTION. 

RxTLE. — ^Place the second term opposite the first : 
then opposite the third term, is the answer. 

Example, — ^If 2 yards of cloth cost $4.00^ what 
cost 8 yards ? 

Place 4 opposite 2 : then opposite 8 is 16. 

Note. — ^AU numbers of yards at that rate, are now on 
the scale, aad may be determined without moTiag the 
dioular. 

At { of a dollar per yard, what cost 4 yards ? 
Place 7 opposite 8 : then opposite the given num- 
ber of yards, is the answer. 
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If 1 ton of hay cost $800, what cost 900 pounds ? 

Place 8 opposite 2000, (the number of lbs. in a 
ton :) then opposite 900 is the answer ; and so of 
any other aumber of pounds. 

FELLOWSHIP. 

Rule. — Place the whole gain or loss opposite the 
whole stock : then opposite each man's share of the 
stock is his share of the gain or loss. 

Example, — ^A invested $30, B invested $20, and 
they gained in trade $12 : what is each one's share 
of the gain ? 

Place 12 (the whole gain) opposite 60 (the whole 
stock) : then opposite 20 (A's stock) is $4*80; and 
opposite 30 (B's stock) is $7*20. 

EVOLUTION. 

To EXTRACT THE SqUARE RoOT. 

Rule. — Move the given number around until it is 
opposite the same number which is opposite 1 ; and 
that number is the answer sought. 

Example, — What is the square root of 42 ? 

Move 42 on the circular around until it comes 
opposite 6-48. Now 6*48 is opposite 1 : hence that 
is the square root of 42. 

To EXTRACT THE CuBE RoOT. 

Rule. — ^Move the given number around until it 
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eomes opposite a number, the square of which at the 
same time is opposite 1 ; and that number is the root 
'Bought. 

Example. — ^What is the cube root of 27 ? 

Move 27 around until it comes opposite 3 : at that 
time 9 is opposite 1 : hence 3 is the answer. 

TO APPORTION TAXES. 

Rule. — Place the whole tax to be raised, found on 
the circular, opposite the whole valuation : then oppo« 
site each man's valuation, is his tax. 

Example, — A tax of $1.600*00 is levied on a val- 
uation of $200.000*00 : what is a man's tax whose 
valuation is 8700*00 ? 

. Place 1500 opposite 200.000 : then opposite 700 
16 $5*25, the answer. 

School Tax, 

1550 days have been sent, and 833*20 tax is to be 
raised : how much is each man's tax ? 

Place 33*20 opposite 1550 : then opposite the days 
each man has sent is his tax. 

A has sent 28 days : his tax is 60 cents. 

Opposite 70, the number of days B has sent, is his 
tax, 81 '50 ; and so of every other man's tax, without 
moving the scale. 
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TO COMPUTE TOLL. 

What is the toll on 6000 pounds, for 289 miles, at 
4 mills per mile per 1000 pounds ? 

Place the 4 opposite 1000 : opposite 6 is '024 (two 
cents four mills). Now place this opposite 1 : then 
opposite 289 is $6*936, the answer. 

TO MEASURE SUPERFICES. 

Rule l.-^Place the width in inches opposite 12 : 
then opposite the feet in length, is the answer in feet 
and tenths of a foot. 

Example. — Give the contents of a board 6 inches 
wide, 14 feet long. 

Place 6 opposite 12 : then opposite 14 (the length), 
is the answer, 7 feet. 

RiTLE 2. — Place the width in feet opposite 1 : then 
opposite the length in feet, is the answer in feet. 

How many squa];e feet in a floor 20 by 20 ? 
20X20=400, the answer. 



[ 



How many square feet in a garden 96 
by S4 feet ? 
*-^ 96X^^=^184 feet, answer. 

NoTS. — If one side be inches and the other feet, pkoe 
the given number of inches opposite the number of inchaa 
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in a foot, riz. 13 : then opposite the length in feet, will be 
the answer in feet. If one side be feet and the other rods, 
the answer will be in rods by placing; the feet opposite the 
number of feet in a rod ^ &c., &c. 

In a lot of land 120 rods long and 60 rods wide, 
how many acres ? 

Place 60 opposite 160 (the number of rods in an 
acre) : then opposite 120, is 4d acres, the answer. 

If a board be 8 Inches wide, how much in length 
will make a square foot ? 

Place the width, 8 inches, opposite 1 : then oppo- 
site 144 (the number of square inches in a foot) is 
the answer, 18 inches. 

If a piece of land be 5 rods wide, how many rods 
in length will make an acre ? 
' Place 5 opposite 1 : then opposite 160 (the num- 
ber of rods in an acre) is the answer, 32 rods. 

Squaeb Yaeds. 

How many square yards of carpeting will it require 
to cover a fl6or 20 feet long and 14 feet wide ? 

Place 20 found on the circular opposite 9 (the 
gauge point for yards square) : then opposite 14 on 
the fixed part is 31 yards, the answer. 

Thb Width and Contents given, to find the 
Length. 

RiTLfi.— Place the contents on the circulzir opposite 
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die width in feet : then opposite 9, on th^ fixed part, 
is the length in feet. 

Example. — I have a room containing 20 square 
yards : I wish to cover it with a piece of carpeting 
2^ feet wide : how many feet in length will it re- 
quire ? 

Place 20 on the circular opposite 2*5 (2|) : then 
opposite 9, on the fixed part, is 72 feet, the answer. 

To MEASURE Land in Chains and Links. 

Rule. — Place one of the sides in chains and links, 
opposite 1 : then oj^site the other side, in chains 
and links, are the number of acres and parts of an 
acre. 

Example, — To find the acres in 7 chains and 50 
links by 6 chains and 40 links. 

Place 750 opposite 1 : then opposite 640 is 4*80 
(4^) acres, the answer. 

To find the acres in 7 chains and 75 links by 9, 
chains and 64 links. 

Place 775 opposite 1: then opposite 964 is 7^iy. 
acres, the answer. 

To find the amount of land in 1 chain and 80 links 
by 2 chains and 50 links. 

Place 180 opposite 1 : then opposite 250 is *45 
i^ffd) 0^ *^ ^^^^* Ae answer. 
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To MBASVBB SqUABB TiMBBB. 

Rule.— Place the product of the width by the 
thickness, opposite 144 : then opposite the length ia 
the answer in feet and tenths. 

Example. — ^What is the solid contents of a stick 4 
inches by 7, and 20 feet long ? 

4 X 7 s= 28. Place 28 opposite 144 : then opposite 
the length, 20 feet, is 3*9 feet, the answer, s= 3-/^ 
feet. 

What is the solid contents of a stick of timber 18 
inches by 18 inches, and 13 feet long ? 

The product of 18 by 18, is 3241 Now place 
324 opposite 144 : then opposite 13 (the length) is 
S9-3, (29t^,) the answer. 

N. B. — If it be desired to have the answer in 
. incjies, instead of placing the product of the width by 
the thickness, opposite 144, place it opposite 1 : then 
opposite the length in inches, will be the solid con- 
tents in inches. 

Note. — Any bale, box, or chest may be meatuzed by 
the preceding rule. 

To MEASUBE A HYPOTENUSE. 

B 

IB hypoiemtsef bc perpendicular, ao doM. 

Rule. — Square each of the aides and add their 
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products togetheri die square root of which is the 
answer. 

Example, — ^What is the hjrpotenuse of a right- 
angled triangle, one side of which is 3 feet, the other 
4 feet? . . • 

3X3=9 and 4X4=16: these two added 
together, make 25, the square root of which is 5 feet, 
the answer. 



A 



To MEASURE A TbIANGLE. 



Place half the base opposite 1 : then oppo- 
site the perpendicular height, is the area. 

Example, — What is the area of a triangle whose 
base is 32 inches, and perpendicular height 14 
inches ? 

Place 16 (i of 32) opposite 1 : then opposite 14 is 
224 square inches, the answer. 

To FIND THE Solid Contents of a Pteamid. 

▲ Rule. — Multiply the area of the base by 
\ of the perpendicular height, whether it be a 
square, triangular, or circular pyramid. 

Example. — ^What is the solid contents of a pyra- 
mid whose base is 4 feet square, and perpendicular 
height 9 feet? 

4x4=sl6, the base. Place this opposite 1. 
Now I of 9 is 3. Opposite 3 is the solid contents, 
48 feet. 

Digitized by VjOOQ IC 



34 

A There is a cone whose height is 27 feeV 
and whose base is 7 feet in <liameter : what 
are its contents I 
Place the square of 7 (49) opposite 1 : then oppo- 
site A is the area of the base. 

I of 27 is 9. Place 9 opposite 1 : then opposite 
the area (38*6) is the answer, 346^ solid feet. 

To FIND THE Solid Contents of a Frustrum of a 

Pyramid. 

» 

Rule. — ^To the product of one, end by the other, 
add the sum of the squares of each end. Place this 
opposite 144. Then opposite | of the length, is the 
answer. 

* Example. — What are the contents of a stick of 
timber whose larger end is 12, whose smaller end is 
8 inches, and. whose length is 30 feet ? 

Tl\e product of one end by the other is 96, the 
square of 12 is 144, the square of 8 is 64 These, 
all added, make 96 

144 
64 

304. Place this opposite 144 . 
then opposite 10 (J of the length) is the answer, 
2^ feet. 
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To FIND THE Solid Gontehts of a Fkcstrum of a 

Cone. 

BuLE. — ^Multiply each diameter by itself sepa- 
rately, multiply one diameter by the other, add these 
three products together. Now place the length 
opposite 382 : thdn opposite the products thus added, 
is the answer. 

To find the Circumference of a Circle from its 
DiameteTf or its Diameter from- its Circumfei 
ence. 

Rule. — Place letter c, (found on the circular,) 
opposite ^g, 1 : then the figures on the fixed part 
are diameters, and those on the circle are circumfer- 
ences. Opposite each diameter is its circumference. 

Example, — What is the circumference of a circle 
whose diameter is 9 ipches ? 

Place c opposite fig. 1 : then opposite 9 is 28*2, 
(28 inches and 2 tenths,) the answer. 

To find the Area of a Circle. 

ORuLE. — Place the square of the diameter 
opposite 1 : then opposite the letter a is the 
area. 

Example, — What is the area of a circular garden 
whose diameter is 11 rods ? 

Place 121 (the square of 11) opposite 1: then 
opposite letter a is 95*03 rods, the answer. 



,y Google 



36 

To find, the side of a Square equal in area to any 
given Circle. 



n 



Rule. — Place '886, found on the circular, 
opposite fig. 1 : then opposite any dianneter of a 
circle upon the fixed part, is the side of a square 
equal in area, on the circular. 

Example. — What is the side of a square equal in 
area to a circle 4 feet in diameter? 

Place '886 opposite fig. 1 : then opposite 4 is 3*55 
feet, the answer. 

To find the side of the greatest Square that can be 
inscribed in any given Circle. 




Rule. — Place 707, found on the circular, 
opposite fig. 1 : then opposite any diameter of a 
circle (found on the fixed part,) is the side of its in- 
scribed square. 

Example. — What is the side of an inscribed square 
equal in area to a circle 45 rods in diameter ? 

Place 707 opposite fig. 1 : then opposite 45, on the 
fixed part, is 31*8 rods, the answer. 

To find the length of one side of the greatest Cuhe 
that can be taken from a Globe of a given diatn' 
eter. 

Rule. — Place 677, found on the circular, opposite 
fig. 1 : then opposite any diameter, on the fixed part, 
is the length of one side of the greatest cube. 
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Example. What is the length of the side of thf 
greatest cube that can be taken from a globe 82 
inches in diameter ? 

Place 577 (the gauge point for the side of an 
inscribed cube) opposite fig. 1 : then opposite 82, on 
the fixed part, is 47 '3 (47^) inches, the answer. 



2V? find the length of the side of the greatest equu 

©lateral triangle that can be inscribed pi a 
given circle. 

Rule. — Place 87, found on the circular, opposite 
fig. 1 : then opposite any diameter on the fixed part, 
is the length of the side of an inscribed triangle 
And opposite the length of the side of any triangle 
on the circular, is the diameter required to inscribe 
it in. 

Example — ^What is the length of one side of the 
greatest equilateral triangle that can be inscribed in 
a circle 62 inches in diameter ? 

Place 87 opposite fig. 1 : then opposite 62, on the 
fixed pact, is 54 inches, the answer. 

What is the least diameter of a circle in which a 
triangle may be inscribed whose side is 6*5 inches 

(6i) ? 

Place 87 opposite fig. 1 : then opposite 6*5, on the 
circular, is 7*48 (7-^) inches, the ailswer. 
4 
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To find, the length of the side of the greatest figure 
that can be inscribed in a given circle. 





Rule for a 


L 




Pentagon 
Hexagon 


(6 sides) 
6 " 


Place 


689. 
5. 


Heptagon 

Octagon 

Nonagon 


7 " 

8 " 

9 " 




437. 
3-83 
337 


Decagon 
XJndecagon 


10 '* 

11 « 




31 
282 


Dodecagon 


12 " 


t( 
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opposite fig. 1 : then opposite any given diameter on 
the fixed part, is the length of the side of the greatest 
figure that can he inscribed in it. 

Example 1. — ^What is the length of one side of 
the greatest pentagon, or five-sided figure, that can 
be inscribed in a circle whose diameter is 6l inches ? 

Place 589 opposite 1 : then opposite 51, on the 
fixed part, is 30 inches, the answer. 

Example 2.— What is the length of one side of 
the. greatest nonagon {nine-sided figure) that can be 
inscribed in a circle 82 feet in diameter ? 

Place 337 opposite fig. 1 : then opposite 82, found 
on the fixed part, is 27*6 (37 1^) feet, the answer. 

Example 3. — ^What is the least diameter of a circle 
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in which may be inscribed an undecagon (eleven- 
sided figure.) one side of which is 13 inches long ? 

Place 282 opposite fig. 1 : then opposite 13 inches, 
found on die circular, is 46-1 inches, the answer. 

To find, the greatest diatneter of each of three eqtUd 
circles that can be inscribed within a circh 
of a gioen diameter. 

Rule. — Place, 464 opposite fig. 1 : then op- 
posite any diameter on . the fixed part, is the diaoH 
eter of one of the three inscribed circles. 

Example, — ^What is the greatest diameter of each 
of three circles, that can be inscribed within a tifck 
25 inches in diameter? 

Place 464 opposite fig. 1 : then opposite S5 on tlli 
fixed part, is 11*6 inches, the answer. 

To find the greatest diameter of four equal circles 
that can be inscribed within another circle 
of a given diameter. 

Rule. — ^Place 416 opposite fig. 1 : then 
opposite any given diameter <m the fixed part, is thie 
diameter of each of the four mscribed circles. 

Example, — What is the greatest diameter ef each 
of four equal circles thai can be inscribed in another 
circle 22 inches in diameter ? 

Place 416 opposite &g, 1 : then opposite 22, on the 
fixed part, is 9*15 (9^^^^) inches, the answer. 
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^0 Jind the Solidity of a Cylinder^ or to measure 
Bound Timber, 

RuLS.^^First find the area of the 
base by the rule for finding the area 
of a circle, place that area opposite 144, then oppo- 
site the length in feet, is the answer in feet and 
decimals of a foot. 

Note. — ^If the diameter be given in feet, place the area 
opposite 1, instead of placing it opposite 144. 

Example, — ^What are the solid contents of a cyl- 
inder 5 inches in diameter, and 13 feet long ? 

Place 2(5 ^the square of 5) opposite 1 : then oppo* 
site A is 1*965. Now place 1*965 opposite 144 . 
then opposite 13 (the length) is 1*77 feet, the 
answer. 

How many solid feet in a round log 15 inches in 
diameter, and 14 feet long ? 

Place 225 (the square of 15) opposite 1 : then 
opposite A is 1^77 the area. Now place 1*77 oppo- 
site 144: then, opposite 14 is 17*2 feet, the answer. 

In a log 12 feet long, 14 inches diameter ? 
Answer, 12*8 feet. 

In a log 16 feet long, 11 inches in diameter* 
Answer, 10*5 feet. 
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In a log 7 inches diameter, 15 feet long! 
An8w^4x9v feet* 

Note.— If the diameter and length are both giren in 
inches, place the square of the diameter oppemte 1738 : 
then opposite the inches in length, is the answer in feet. 

NoTB. — ^A cjHnder that is 12 inclms in diameter and 12 
inches loi^, and a globe that is 12 inches in diameter, and 
a cone that is 12 inches high and 12 inches diameter at its 
base, bear a proportion to each other as 3, 2 and 1. 
Therefore if you place the contents of any cylinder on the 
circular opposite to 3 on the fixed part, then opposite 2 on 
the fixed pait is the contents of an inscribed globe, and 
opposite fig. 1 is the contents of an inscribed cone. 

To find how msny Solid Feet a Bound Stick of 
Timber mil contaiuy when heton Square, 

Rule. — Place double the square of half the diam- 
eter opposite 144 : then opposite the length is the 
answer. 

Example, — ^In a log 28 feet long, 22 inches diam- 
eter, half the diameter is 11, the square of which is 
121. This doubled, is 242. Now place 242 oppo- 
site 144: then opposite 28 (the length) is 47 -|- the 
answer. 

To find hoto many feet of Boards can he sawn from 
a Log of given Diameter. 

Bulb — Find the solid contents of the log wbcQ 
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made sqaare, then place 12 opposite the thidkness of 
the board (including the saw-calf:) then opposite the 
solid contents is the answer in feet. 

To find the Area of a Globe or BaU. 

Rule. — Place the diameter opposite 1 : 
I then opposite the circumference is the answer. 
Example, — How many square inches of 
leather %ill cover a ball 3} inches in diameter ? 

Place 3| opposite 1: then opposite d. is 11, the 
circumference. Opposite 11 is the area, 38J inches. 

How many square feet on the surface of a globe 4 
feet in diameter ? 

Place 4 opposite 1 : then opposite n. is 12*55 feet, 
the circumference. Opposite 12*55 is 50-4, the 
answer. 

To find the Solid Contents of a Globe or Ball, 

Rtjle. — First find its area by the preceding 
i rules: then multiply its area by ^ of its 
diameter. 

Example. — What are the solid contents of a ball 
14 inches in diameter ? 

Place 14 opposite 1 : then opposite d. is 44 inches, 
the circumference. Opposite 44 is 617, the area. 
I of the diameter, is 2*33). Place this opposite 1 : 
then opposite 617 (the area) is 1437 inches, the 
solid contents. 
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What are the solid contents of a hall 5 inches in 
diameter ? 

Place 6 opposite 1 : then opposite n. is 15*7 inches, 
the circumference. Also, opposite 15*7 inches is 
78*4 inches, the area. ^ of 5 is *835. Place this 
opposite 1 : then opposite 78*4 inches (the area) is 
654 inches, the solid contents. 

There is a hall 20 inches in circumference : what 
are its solid contents ? 

Place 20 opposite letter d. Opposite 20 is 127, 
the area. ^ of the diameter is 1*06. Place this 
opposite 1 : then opposite 127 is 1350 inches, the 
solid contents. 

To find the Area of an EUipse, 

(^ \^ Rule. — Place the product of the trans- 
— ^-^ verse diameter multiplied hy the conjugate 
diameter opposite 1 : then opposite letter a is the 
answer. 

Example. — ^What is the area of an ellipse whose 
transverse diameter is 12 inches, and conjugate 
diameter 10 inches ? 
s 10 X 125= 120. Place 120 opposite 1 : then oppo- 
site letter a is 94*25, the area* 
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Gaffing Cases. 
To find the Mean Diameter of a Cask. 

Rule. — Add $ of the differettce between the head 
and bung diameter to the head diameter. This re- 
duces the cask to a cylinder. Then multiply the 
square of the mean diameter by the length. Place 
the product opposite 1 : then opposite bg is the num- 
ber of beer gallons, and under wo is the number of 
wine gallons. 

Example* — ^There is a cask whose head diameter 
is 25 inches, bung diameter 31 inches, and wh^^se 
length is 36 inches : how many beer gallons and how 
many wine gallons does it contain ? 

6 is the difference between 25 and 31. f of 6 is 
4. This, added to 25, makes 29 inches, the mean 
diameter. The square of 29 is 841. • Place this 
opposite 1 : then opposite 36 is 302-j-. Place this 
last opposite 1 : then opposite bg is 85 gallons, and 
opposite WG is 103 gallons, the answer. 

To find the Weight of an Iron Ball, from its 
Diameter, 

Rule. — Place the cube of the diameter oj^site 1 : 
then opposite 14 is the weight. 

Example, — What is the weight of an iron ball 6*7 
inches m diameter ? 
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6-7x6-7t«45, and 45X6.7 as 301 -6. Place 301 5 
opposite 1 : then opposite 14 is 42*29 pounds^ the 
answer. 

A ball 5-54 inches diameter ? 
Answer, 24 pounds nearly. 

A ball 32 inches circumference ? 

Place 32 opposite d: then opposite 1 is the 
diameter. Now cube the diameter, and place that 
cube opposite 1 : then opposite 14 is 148 pounds, the 
answer. 

To find the Weight of a Leaden Ball from its 
Diameter or Circumference. 

Rule. — Place the cube of the diameter opposite 1 : 
then opposite 21*5 is the weight. 

A ball is 6*6 inches in diameter: what is its 
weight ? 

Answer, 61*6 pounds. 

A ball 5*3 inches in diameter ? 
Answer, 32 pounds nearly. 

To find the Diameter of an Iron BaU from its 
Weight. 

Rule. — Place the weight opposite 1 : then oppo- 
site 7*11 is a product, the cube root of which is its 
diameter 



,y Google 



46 

What is the diameter of a 24 pound ball? 
Answer, 5*54 inches. 

To find the Diameter of a Leaden Ball from its 
WeighL 

Rule. — Place 14 opposite 3: then opposite the 
weight is a product, the cube root of which is the 
answer. 

A ball 8 pounds in weight is 3*34 inches in 
diameter. 
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Specific Gravity arid Weight of Bodies. 



Pure Platina 
Floe Gold . 

Standaid Gold 
Quicksilver . 
Lead . . . 
Fine Silver . 
Common Silver 
Copper . . 
Copper Pence 
Gun Metal 
.Cast Brass 
Steel . . . 
Iron . . . 
Cast Iron . . 
Tin ... 
Crystal Glass 
Granite . . 
White Lead . 
Marble . . 
Hard Stone . 
Green Glftss . 
Flint . • • 
Common Stone 



oz. oz. 

9300Q|Clay .... 2160 

19400 Brick .... 2000 

17720 Common Earth .. 1984 

13600 Nitre .... 1900 

11325 Ivory .... 1825 

11091 Brimstone . . 1810 

105351 Solid Gunpowder 1745 

9000lSand .... 1520 

8915 Coal .... 1250 

8784 Mahogany . . iOG3 

8000 Boxwood . . . 1030 

7850 Sea Water . . 1030 

7645 Common Water 1000 

7425'Oak .... 925 

7320!6unpow-d V shook close937 

31501 '' in a loose heap 836 

3000!Ash .... 800 

755 

709 

600 

550 

2570 Cork .... 240 
2520!Air at a mean state 1^ 



3160|Maple 
2700B€ech 
2700'Elm 
260GlFir . 



NoTK. — ^The several sorts of wood are supposed to be 
dry. Also, as a cubic foot of water weighs just 1000 
ounces, the numbers in this table express, not only the 
specific gravities of the several bodies, but also the weight 
cifa cubic foot of each, in aveirdupois ounces; and there- 
fate the weight of any other quantity, or the quantity of 
any other weight, may be found, as in the next two proposi- 
tions. 
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Tojittd the Magnitude of any Body from its Weight. 

Rule. — ^Place the weight of the material in.ounces 
under its specific gravity : then opposite 1728 is its 
magnitude in cubic inches; and opposite 1 is the 
answer in cubic feet. 

Example.^How many cubic inches of gunpowder 
are there in one pound weight, shaken close ? 

Place 16 (the number of ounces in a pound) oppo* 
site 937 : then opposite 1728 is its content or magni- 
tude, 29^ inches. 

How many cubic inches are there in 3 pounds of 
cast brass ? 

Place 48 (the number of ounces in 3 pounds) oppo* 
site 8000 : then opposite 1728 is the answer, 103-5. 

To find the Weight of a Body from its Magnitude. 

Rule. — Place the contents of the body opposite 
1728 : then opposite its specific gravity is its weight 
in ounces. 

How many ounces avoirdupois in 864 cubic inches 
of sand ? 

Place 864 opposite 1728 : then opposite 1520 (the 
specific gravity of sand) is 760 ounces, the answer. 
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Measure^ ^ 

5,280 feet in a mile. 
63,360 inches in a mile. 
190,080 barley-corns in a mile. 
32,000 ounces make one ton. 
43;560 square feet in an acre. 
4,840 square yards in an acre. 
32 gills in one wine-gallon. 
7*22 cubic inches in a gill. 
28-875 cubic inches in a pint. 
57j75 cubic inches in a quart. 
2,150*4-f- cubic, inches in a bushel. 
1'2444 cubic feet in a bushel. 
3,600 seconds in an hour. 
86,400 seconds in a day of twenty-four houn 
31,557,600 seconcb in a year. 

l';728 cubic inches in a foot. 
128 feet make one cord of wood. 
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Comparative Value and Weight of Different KiruU 
of Fire Woodf assuming as a standard the Shell' 
Bark Hickory. 

Lbs. In a Cord. Compar. Val. t cts. 
Shell-Bark Hickory- 
Button Wood 



4469 


100 


7 4C 


2391 


52 


335 


2668 


54 


400 


Slid 


63 


4 67 


2369 


48 


356 


3236 


65 


4 81 


3420 


77 


6 70 


4241 


95 


7 03 


1904 


43 


3 18 


1868 


42 


3 11 


1774 


40 


296 


3115 


70 


5 18 


3821 


81 


600 


3102 


6*6 


489 


3337 


. 73 


5 40 


2449 


52 


3 85 


2919 


60 


4 44 


3254 


69 


5 11 


2S92 


58 


4 29 


3361 


73 


6 40 



lie 
Black Birch 
White Birch 
White Beech 
White Ash 
Common Walnut 
Pilch Pine 
White Pine 
Lornbardy Poplar 
Apple Tree 
White Oak 
Black Oak 
Scrub OaK 
Spanish Oak 
Yellow Oak 
Red Oak 
While Elm 
Swamp Whortleberry 

Note. — It la estimated that a cord of wood contains, 
when green, 1443 pounds of water, equal to 1 hogshead 
and 2 barrels of water. 
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TABLES OF SQUARES AND CUBES; 

To fadUiate the Mensuration of the Surfaces and 

Solidities of Bodies. 



Number. 


Sqaare. 


ub*. 


Number. 


Iquan. 


( uht. 


1 


1 


1 


50 


8500 


195000 


9 


4 


6 


51 


9601 


isafsi 


3 


9 


97 


59 


9704 


140608 


4 


16 


64 


53 


9809 


157464 


5 


95 


195 


54 


9916 


6 


36 


916 


55 


3095 


166375 


7 


49 


343 


56 


8136 


175616 


8 


64 


519 


57 


3949 


185193 


9 


Bl 


799 


58 


3364 


195119 


10 


100 


1000 


50 


3481 


905379 


11 


191 


1331 


60 


3600 


916(H10 


19 


;s 


.1798 


61 


3791 


996981 


13 


9197 


69 


3844 


938318 


14 


196 


9744 


63 


8969 


950047 


15 


995 


3375 


64 


4096 


963144 
974' 95 
987496 


16 


956 


4096 


65 


4995 


17 


989 


4913 


66 


4356 


18 


394 


5839 


67 


4489 


300763 


19 


361 


6859 


68 


4694 


314439 


90 


400 


8000 


69 


4761 


3»<509 


91 


441 


9961 


70 


4900 


843000 


99 


484 


10648 


71 


5041 


357911 


93 


999 


19167 


79 


5184 


373948 


94 


576 


13-^ 


73 


5399 


3'>90I7 


95 


625 


15ff»5 


74 


5476 


405994 


96 


676 


A«576 


75 


5695 


491875 


97 


799 


19683 


76 


5776 


438976 


98 


784 


919S9 


• V 


5939 


45ii533 


99 


841 


94389 


78 


6084 


474559 


30 


900 


97000 


79 


6941 


493039 


31 


961 


99791 


80 


6400 


519000 


39 


1094 


39768 


81 


6561 


531441 


33 


1089 


35937 


89 


6794 


551368 


34 


1156 


30304 


83 


6888 


571787 


35 


1295 


49875 


84 


7056 


599704 


36 


1996 


46656 


85 


7995 


614195 


37 


1369 


50653 


86 


^ 


636056 


38 


1444 


54-79 


87 


658503 


39 


1591 


59319 


88 


7744 


681479 


40 


1600 


64(100 


89 


79-21 


704060 


41 


1681 


68991 


90 


8100 


799000 


48 


1764 


74(168 


91 


ftI81 


753571 


43 


1849 


79507 


99 


8464 


778688 


44 


1936 


85184 


93 


8649 


804357 


45 


9095 


91195 


94 


8836 


8:10584 


46 


9116 


07336 


95 


9095 




47 


9909 


100893 


96 


9916 


£64736 


48 


9304 


110599 


97 


9409 


919673 |i 


49 


9401 


117649 


96 


9604 


94119B 
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TABLES OK SQUARES AND CUBES. 



Nmv.her. 


Sq-iare. 


Cube. 


S'.jraber. 


Square. 


Cube. 


w 


•96')! 


97n299 


750 


122500 ^ 


337^000 


100 


10000 


lOlMlOOO 


151 


29801 


3442931 


lOl 


10-201 


ior^o30i 


159 


23104 


^^. 


1D9 


10404 


l(R5l'>08 


153 


23409 


1 KO 


1J0H09 


1092727 


154 


23716 


365S&)64 


'^ 104 


101-16 


1124864 


155 


24025 


3723875 


I 195 


11035 


1157625 


156 


24336 


8796416 


1 J06 . 


11236 


1191016 


J57 


24649 


9669893 


107 


11449 


1925043 


J58 


24964 


3844312 


108 


ll6r>4 


12.59? 12 


159 


2S9B1 


4D19679 


; 109 


11881 


1295029 


160 


25600 


4096000 


' 110 


19100 


laiiooo 


161 


9S921 


4173981 


111 


1V321 


136:^31 


lfi9 


26944 


4851598 


nil 


19544 


14049^3 


163 


36569 


4030747 


113 


19769 


1442897 


164 


26896 


44I0M4 


114 


19996 


!4«I544 


165 


27935 


4492195 


115 


139!25 


1520875 


166 


97556 


4S74996 


116 


18456 


1560896 


1^ 


97889 


4667463 


117 


18689 


1601613 


168 


98994 


4741639 


IIB 


1H934 


1643092 


169 


28561 


4896809 


ito 


14161 


I685I59 


170 


98900 


4913000 


15K) 


14400 


1728000 


171 


99241 


5000911 


131 


14641 


1771661 


179 


29584 


9068448 


193 


14884 


)8!5B4S 


173 


29009 


5177717 


m 


15129 


J860867 


174 


31)276 


5968094 


134 


15376 


1906694 


175 


30625 


5069375 


125 


15625 


1953195 


176 


30676 


5451776 


196 


1S876 


9000376 
904H3)^ 


177 


31^29 


5545933 


197 


16129 


178 


31684 


5689759 


I9B 


16384 


9097152 


179 


32041 


5783339 


m 


16641 


9l466«t9 


180 


3SM0 


5889000 


1» 


16900 


1197000 


181 


39761 


5989741 


131 


17I6I 


9348001 


169 


33194 


6098568 


139 


17424 


9299968 
»52687 


183 


33469 


6198487 


lie 


17689 


184 


3aA56 


6999504 


134 


17956 


9406104 


185 


34095 


6931695 


135 


18225 


9460375 


186 


34686 


6434856 


138 


18496 


9515456 


187 


34069 


6539903 


137 


18769 


9571363 


188 


35!H4 


QB44679 


13S 


19044 


9628072 


189 


SS791 


6751969 


138 


19321 


9685619 


180 


36100 


6869000 


140 


19600 


9744000 


191 


36481 


6667871 


141 


19B81 


9803931 


199 


36864 


7077888 


149 


20164 


9>^63988 


18B 


37949 


7189057 


143 


90449 


9924907 


194 


37636 


7801384 


144 .. 


2(^36 


998.'59B4 


105 


38095 


74i4875 


145 : 


91025 


3048695 


196 


38416 


7999536 


146 


91316 


3112.136 


197 


38806 


7645373 


147 


91609 


3!76513 


198 


3»04 


77e399 


148 


91904 


3241799 


199 


39601 


7880599 


149 : 


93201 


3307949 i 


BOO 


40000 


8060000 
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TABLES OP SQUABES AND CUBES. 



63 



II Namt«r. 


Sq..R. 


Cube. 


Nmnhcr. 


e»qiiara. 


c^ 


901 


40401 


8190601 


954 


63001 


156*3951 


909 


40604 


8949406 


958 


63504 


160031108 


903 


41909 


8365487 


953 


64009 


16194277 


904 


41616 


8489664 


954 


64516 


16387064 


905 


49085 


86I5I95 


955 


65095 


16581'<75 


906 


49436 


8741816 


956 


65536 


16777916 


907 


49649 


8869743 


957 


66049 


16974A93 


906 


43964 


8998919 


958 


66564 


17173519 


909 


43661 


9193389 


959 


67061 


17373979 


910 


44100 


9961000 


960 


67600 


17576000 


911 


44581 


939:i931 


961 


68191 


17779581 


919 


44944 


9986138 


969 


68644 


17964798 


913 


45369 


9663597 


963 


69169 


18191447 


914 


45796 


9600344 


964 


69696 


18399744 


915 


46895 


993-375 


265 


70935 


18609695 


916 


46656 


10077696 


966 


70756 


18891096 


917 


47060 


10918313 


967 


71989 


19034163 


918 


47694 


10360939 


968 


71894 


19948839 


919 


47961 


10503459 


99 


79361 


19465109 


990 


48400 


10648000 


970 


79900 


19683000 


931 


48641 


10793861 


971 


73441 


19909511 


999 


49964 


10041048 


979 


73984 


90I9«48 


993 


49^ 


1109567 


273 


74529 


90346417 


994 


60176 


11939494 


974 


75076 


90570694 


995 


50685 


11390685 


275 


75695 


90796875 


996 


51076 


11543176 


976 


76176 


. 91094576 


997 


51539 


11697083 


277 


76729 


21953933 


998 


51984 


11858358 


978 


77984 


91484959 


999 


59441 


19008989 


979 


77841 


91717639 


930 


58900 


19167000 


980 


78400 


91959000 


931 


53361 


123^6391 


981 


78961 


93I88Q41 


939 


53894 


19487168 


983 


79594 


99425768 


933 


54989 


19649337 


983 


80089 


29665187 


934 


54756 


19819904 


984 


80656 


999n6304 


935 


558SS 


12977875 


985 


81995 


93149135 


936 


55696 


13144956 


986 


81796 


23393656, 


937 


56169 


13319053 


987 




23639903 


938 


56644 


13461979 


988 


89044 


9:«87879 


939 


57131 


136M9I9 


989 


83531 


94137569 


940 


57600 


13834000 


990 


84100 


94389000 


941 


58081 


13997581 


991 


84681 


94649171 


949 


58564 


14179488 


999 


85864 


94897088 


943 


50049 


14348907 


293 


85849 


95153757 


944 


59536 


14586784 


994 


86436 


95419184 


945 


60095 


14706195 


995 


87095 


85679:175 


946 


60516 


14886936 


996 


87616 


95634336 


947 


61009 


15069393 


997 


88909 


96196073 


948 


61504 


15858999 


998 


88804 


96463508 


M9 


69001 


15438949 


999 


89401 


96730889 


99C 


69500 


15695000 


300 


90000 


97^00^00 . 
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THE STEAM-ENGINE. 

The power of the steam^ngine is measured by lliat 
of ifaa horse. A horse-power, as fixed by Watt, in 
equal to 33,000 lb. avoirdapob, raised one foot high 
per miaut^ ; and one day^s work of a horse, is this 
power, acting through eight hours. The pressure of 
our atmosphere is reckoned as equal to that of thirty 
perpendicular inches of mercury ; or 14701b. per 
square inch, or 11*55 lb. per circular inch. 
To fiut the Horse^s power of an Engine^ according to 
the Rule given by Mr, Watt* 

From the Diameter of the cylinder in inches, fiHil>* 
tract 1^ square the remainder, multiply the square by 
the velocity of the piston in feet per minute, and di- 
vide the product by 5640. The quotient will be the 
number required. 

CONDSMSING ENGINES. 

Proportion of the Cylinder. — ^The best proportioo is 
wh«i the length is twice the diameter } because the 
cooling surface is then leiLst, in proporton to the con* 
tent of steam. 

PropmHon ^ the Air-Pimp and Conden8er.<*^ln 
double condensing ei^neis, these are made, by Boul 
ton and Watt's rule, eaoh to measure one^eighth the 
content of the <^lindec. 
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Vehckhf tf ihe Pistm U^prodme ihe hoi tfoct,*^ln 
engines working the steam expansively, 100 times th» 
square root of the length of the stroke in feet, is the 
best velocity in feet per minute. 

In engines not working expansively, lOB times the 
square root of the length of the stroke in feet, is the 
best velocity in feet per minute. 

To find the quantity of Water required for Steam 
.tnd Injection. — Multiply the area of the cylinder in 
feet, by half the velocity in feet for single, and by the 
whole velocity in feet for double engines. Add 1-lOth 
for cooling and waste ; and this, divided by 1497 (at 
the common pressure on the Valve of 21b. per circular 
inch), wil give the quantity of water required for 
steam per minute. 

The quantity of water for injection should be 24 
times that required for steam. 

The diameter of the injection-pipe should be l-36th 
part of that of the cylinder. 

The valves should be as large as practicable. 

The boiler should be capable of evaporating about 
12 gallons per hour for each horse power. 

NON-CONDENSING, OR HIGH PRESSURE ENGINES. 

The length of the oyliiid^ should be at least twic^ 
hk diameter. 

The velocity of the pkton^ in fbet per minute, skoilld 
be 103 times the sqiiiare root of the length of the sttoke 

Digitized by VjOOQ IC 



56 

in feet ; or 100 times, if the steam is worked ezpan- 
siyely. 

The area of the cylinder should be, to the area of 
the steam-passages, as 4800 is to the velocity of the 
piston, found as above. 

Form and Direction of Steam-pipes, — ^Enlargements 
in steam-pipes succeeded by contractions, always re- 
tard the velocity of the steam — more or less according 
to the nature of the contraction — ^and the like effect is 
produced by bends and angles in the pipes. These 
should therefore be made as straight, and their internal 
surface as uniform and free from inequalities as may 
be practicable. The following proportions of velocity, 
from Mr. Tredgold, will exemplify this : — 

The velocity of motion that would result 
from the direct unretarded action of 
the column of fluid which produces it, 
being unity .... lOOO or 8 

The velocity through an aperture in a 
thin plate by the same pressure is .625 or 6 

Through a tube from two to three diame- • 

ters in length, projecting outwards .813 or 6.5 

Through a tube of the same length, pro- 
jecting inwards ... .661 or 5.45 

Through a conical tube, or mouth-piece, 
of the form of the oontracted vein .983 or 7.0 
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MAR07B BNOIKSS. 

The construction and arrangement of the Marine 
Steam Engine necessarily differ from that of the ordi- 
nary condensing Engine, on account of the peculiiar 
form of the floating structure in which it is placed, and 
of the absence of that solid support which can be ob- 
tained for Engines on land. The importance of ef 
footing eoononiy of room and wei^t on board a steam- 
vessel, has led to the adoption of various methods of 
communioating motion to the paddle wheels | and 
vertical, oscillating, and other varieties of Engine hi^ye 
been introduced, with more or lees success; but the 
more general form is that of the beam or lever Engine, 
the position of the beam being reversed on being plac- 
ed on each side of the hottom of the cylinder. The 
arrangement of the condenser, air-pump, &c., is also 
necessarily accommodated to the space in which the 
machinery is required to be fixed. 

The following Dimensions are given by Mr. Rus- 
sell, for the Cylinders of Marine Engines of various 
power: 

For 10 horse power, 20 inches diameter, 2 fk. in. stroke. 
.. 20 .. 27 .. 2 ft. 6 in. .. 



30 


.• 


32 


3ft.2in, 


40 


•■• 


35 


3 ft. 6 in. 


50 


•• 


40 


4ft.0m. 
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?or60hor8 
.. 70 


e power, 43 inches diameter, 4 ft. 3 in. i 
46 .. 4 ft. 6 in. 


stroke 


.. 80 


49 


4ft. 9in. 




.. 90 


52 


5ft.0in. 




..100 


55 


5 ft. 6 in. 




..125 


59 


6ft.0in. 




;.150 


62 


6ft.3in. 




..175 


66 


6ft.6in. 




..200 


70 


7ft. Oin. 




.250 


76 


7ft.6in. 




..800 


82 


8ft. Oin. 




..350 


87 


8ft.6in. 




..400 


92 


9ft.2in. 




..500 


100 


10 ft. Oin. 





Economy of Steam-jackets, 
The following Table presents the results of three 
experiments made in France to ascertain the economy 
of steam-jackets to the cylinders of Engines, in the 
consumption of fuel. In the 1st, the steam first enter- 
ed the jacket round the cylinder, and passed from 
thence into the cylinder. In the 2nd, the steam enter- 
ed the cylinder directly, without passing into the jacket. 
In the 3rd, the steam entered both the cylinder and 
jacket directly, by means of separate communications 
between them and the boiler. The result shows an 
increase in the consumption of fuel of nearly five- 
sevenths, in the second experiment, over that in the 
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Duration 
of Exper 
iuienta. 



so 



Total CoDsump- iMeanPres- 
ti(>n iu pou; ds sure in At- 
Hvoiwiupoifl ImonphereB. 



Coate.j Water. I^,^"" Ujli"'! I | Coals. 



I Consumption 
per hour, in 
liounds. 



IWa^ 
iter. 



Water 
evaporat- 
edbyl 
lb of 
( ohI. 



43h 15m 
33hd0ra 
33h 30m 



1482.7 
1993.13 
1469.5 



8387.1 
11111.59 

7822.23 



3,8SJ 

3.5 

3.5 



2.57 
2.55 
2.73 



34.28 
58.16 
45.22 



193.9 
331.7 
240.7 



5.66 
5.61 
5.32 



Friction of Steam-engines. 

The difference in loss of power by friction, between 
beam and direct action engines is found by experiment 
to be so trifling, as to be. unnecesi^ary to be taken into 
account in estimating their relative advantages. The 
amount of pressure upon the piston, expended in each 
kind of engine in overcoming friction appears, on an 
average, to be not more than about 1 lb. to the square 
inch, in well-constructed engiues. 

Steam-engines for Cotton and Paper Mills. 

For Cotton Mills, — The best steam-engines for cot* 
ton-mills are the double-acting, working the steam 
expansively. The most advantageous mean pressure? 
on the piston with low pressure steam is 51b per circu- 
lar inch, and each circular inch will suffice to drive 
three spindles of cotton yam twist with the machinery. 

For mule yam, add 15 to the number of the 3r&rny 
and multiply the sum by '26 ; the product will be the 
number of spindles for each circular inch of piston. 

Or, one horse-power will drive 100 spindles with 
cotton yam^ and machinery. And for wule yam, add 
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15 lb the number of the yam, and multiply by 8 ; the 
product will be the number of spindles for each horse- 
power. One horse-power will work 12 power-looms, 
with the preparatory machinery.— 5rM«ton. 

For Paper HilBMs. — ^A beating machine requires, 
about 7 horse-power. The new paper machines require 
from 2 to 2 1-2 horse-power ; 3 1-2. horse-power will 
prepare 1 ton old rope per week, working ten hours per 
day. — Fenioick. 

Steam-power required to driH vatUm$ lands of Ma. 
cMnery. 

A- series of experiments instiuted by Mr. DaviscHiy at 
Messrs. Truman and Co.'s Brewery, to ascertain the 
ptiwer required to drive various kinds of machinery, 
gave the following results : 

IsU That an engine which indicated 50 horses power 
wnen fully loaded, showed, after the load and the whole 
of the machinery were thrown off, 5 horsee, or one 
tenth of the whole power. 

2nd. 190 feet of horizontal, and 180 feet of upright 
sltafting, with 34 bearings, whose superficial area was 
8800 square inches, together with 11 pair of sfmr and 
bevel wheels, varying from 2 feet to feet in diameter, 
required a power equal to 7.65 horses. 

3rd. A set of three-throw pumps, 6 inches in diame- 
ter> pumping 120 barrels per hour, to a height of 105 
t,ss=;4.7 horses* 
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By the usual mode of calculation (viz., 38,000 Iba. 
lifted one foot high per minute), it would appear that 
there was, in this case, friction to the extent of 13 per 
cent. 

4th. A similar set of thrpe-throW pumps, 6 inches 
in diameter, pumping 160 barrels per hoar, to a height 
of 140 feet,rss6<2 hojcses. 

By the same mode of calculation as before, there 
was here friction to the amount of 15 per cent. 

5th. A {set ^ threO'^throw pump8> 5 inches in di- 
ameter, raising 80 barrels per hour, to a height of 54 
feet,=l horse. 

By calculation as before, the friction amounted to 
12 1-2 per cent. 

6th. A set of three-throw "starting" pump^^ pump, 
ing 250 barrels of beer per hour^ to a height of 48 feet, 
s=4.87 horses. 

By calculation as before^ the friction amounted to 
15 1-2 per cent. 

7th. Two pair of iron rollers and an elevator, 
grinding and raising 4Q quarters of malt per hour=8.5 

8th. An ale-mashing machine, made by Haigh, of 
Dublin ; mashing at the time^ 100 quarters of malt,=: 
5.68 horses. 

9th. Two porter-mashing machines, made by More» 
land, mashing at the time, 250 quarters of malt,asl0.8 
hones. 
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10th. 95 feet of horizontal Archimedes screw^ 15 
inches diameter, aud an elevator, conveying 40 quar« 
ters of malt per hour, to a height of 65 feet,=s3.1d 
horses. 

Mr. TredgoWs Estimate of the DUtrHnUionandEg^en' 
diture of the Steam in an Engine. 

IN A NON-CONDENSING ENGINE » 

Let the pressure on the boiler be 1 000 

Force required to produce motion of 

the steam in the cylinder will be 0'069 

Loss by cooling in the cylinder and 

pipes 0-160 

Loss by friction of piston and waste 2*000 

Force required to expel the steam 

into the atmosphere - - 0*069 

Force expended in opening the valvs, 

and 1 fiction of the various parts 0*622 

Loss by the steam being cut off be- 
fore the end of the stroke - 1 -000 

Amount of deductions 8*920 

Effective pressure - 6*080 

IN A CONDENSING ENGINE. 

Let the pressure on the boiler be 10*000 

force required to produce motion of 

the steam in the cylinder - 0*070 
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Loss by cooling in the cylinder and 


^ 




pipes ... 


0-160 




Loss by friction of the piston and 






waste - - - - 


1-250 




Force required to expel the steam 






through the passages 


0070 




Force required to open and close the 






valves, raise the injection water, 






and overcome the friction of 






the axes ... 


0630 




Loss by the steam being cut off be- 






fore the end of the stroke 


1-000 




Power required to work theair*pump 


0-500 




Amount of deductions 
Effective pressure - 




3-680 
6-320 





Pressure and Density of Steam. 
The following formula has been given by Mr. Wm. 
Pole for calculating the pressure and density of steam 
for engines working expansively, which is stated to 
produce a very near approximation to the truth ; the 
mean error being only .0062 lb. per square inch : 

Let Y ^ the total pressure of the steam in lbs. per 
square inch, and V its relative volume, compared 
with that of its constituent water. 

24250 24250 

. thenP^==: ,orV= plus 65. 

V-65 P 
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This fonnula is applicable, with little risk of error, 
to engines working with from 5 )bs. to 65 lbs. per 
square inch. T A B L £ 

Of the Pressure on a square and circular Inch, respec- 
tively^ excited by the elastic force of Steam at various 
degrees of Temperature, with the Height of the col- . 
utrm of Mercury it will support. 



1 . Pressure on a square Inm7h. { 


3. Prkssuhe on a circular Inch. 
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To prevent Incrustation in boilers. — ^The intix)duo4 
Hon of potatoes and other vegetable substanoes will, in 
a great degree, prevent incrustation on the bottom and 
sides of a steam boiler, and animal substances, such 
as refuse skins, will accomplish it still more efiect- 
ually. 

Iron Cement for joining the Planches of Iron Pipes, 
<J*c.-.-Take of Sal Ammoniac, 2 ounces; Flowers of 
Sulphur, 1 ounce ; clean cast-iron Borings or Filings, 
16 ounces : mix them well in a mortar, and keep them 
dry. When required for use, take one part of this 
powder, and twenty parts of clean iron borings or fil- 
jfkgSj mix them thoroughly in a mortar, make the mix- 
ture into a stiff paste with a little water, and apply it 
between the joints, and screw them together. A little 
fine grindstone sand added, improves the cement. A 
mixture of white paint with red lead, spread on can- 
vas or woollen, and placed between the joints, is best 
adapted for joints that require to be often separated. 

For Copper, a cement is used, composed of powder- 
ed quick lime, mixed to a proper consistence with 
serum of blood, or white of egg — ^and used immediate- 
ly it is made. 

THE MECHANICAL POWERS. 

Power is compounded of the weight and expansiv^foree 
of a moving body multiplied into its velocity. 

The power of a body which weighs 40 lbs., and 
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BMims with the velocity of 50 feet in a second, is the 
faone fts that of another hody which weighs 80 lbs., 
and mofea with the velocity of 25 feet in a second ; 
lor the products of the respective weights and veloci- 
ties are the same. 

40 multiplied by 50-200 ; and 80 by 25-2006 

Power cannot he increased "by mechanical means. 
Power is applied to mechanical purposes by the 
lever, wheel and axle, pulley, inclined plane, wedge, 
and the screw, which are the simple elements of all 
machines. 

The whole theory of these elements consists simply, 
in causing the weight which is to be raised, to pass 
tlirough a greater or a less space than the power 
which raises it ; for, as power is compounded of the 
weight or mass of a moving body multiplied into its 
velocity, a weight passing through a certain space 
may be made to raise, through a less space, a weight 
heavier than itself. 

Power is gained at the expense ofspace^ hy the lever^ 
Ae wheel and axle, the pulley , the inclined plane, the 
wedge, and the screw. 

LEVER. 

Case 1. — When the fulcrum qftJie lever is between 
the power and the ioeight, 

RuLB. — Divide the weight to be raised by the pow- 
er lo be applied ; the quotient will give the difference 
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of leverage necessary to support the weight i& equili- 
brio. Hence, a small addition either of leverage or 
weight will cause the power to preponderate. 

£lxAMFL£ 1. — A ball weighing 3 tons, is to be rais- 
ed by 4 men, who can exert a force of 12 cwt., requi- 
red the proportionate length of lever ? 

60 
3 tons = 60 cwt. ; and — «= 5. 
12 

In this example, the proportionate lengths of the 
kverr to maintain the weight in equilibrio, are as 5 to 
}. If, therefore, an additional pound be added to the 
power, the power side of the leveir will preponderate, 
and the weight will be meed. But, ahhough the IM 
is raised by a force of only one«fifth of its weighty no 
power is gained, for the weight passes through only 
one-fifth of the space. The products, therefore, aris- 
ing from the multiplication of the respective weights 
and velocities are the same. 

Example 2. — A weight of 1 ton is to be raised with 
a leyeT 8 feet in length, by a man who can exert, for 
a ^hort time, a force of rather more than 4 cfwt. : r6* 
quired at what part of the lever ibe fblcrtmi Yritifft be 
placed ? 

20 cwt. 

— — - == 5 ; that ts, the weight is to Ihfe powet fts 5 
4 cwt. [to 1 1 thereforci 
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- = 1 foot and a third from the weight. 



5 multiplied by 1 

Example 3. — A weight of 40 pounds is placed one 
foot from the fulcrum of a lever ; required the power 
to raise the same when the length of the lever on th<* 
other side of the fulcrum is five, feet ? 

40 multiplied by 1 

= 8 lbs., Ans. 

5 

Case 2.~When the fidcrum is atom extremity oj 
ike lever, and the power at the other. 

Rule. — ^As the distance between the power and the 
fulcrum is to the distance between the weight and the 
fulcrum, so is the effect to the power. 

Example 1.— Required the power necessary to 
raise 120 lbs., when the weight is placed six feet 
from the power, and two feet from the fulcrum? 

As8:2:: 120 : 80 lbs., Ans. 

Example 2, — ^A beam, 20 feet in length, and sup- 
ported at both ends, bears a weight of two tons at the 
distance of eight feet from one end: required the 
weight on each support ? 

40 cwl. multiplied by 8 fl. 

■ = 16 cwt. on the support 

20 feet 
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40 multiplied by 12 

furthest from the weight; and -* — ■ ■i8»24 

20 feet 
cwt. on the support nearest to the weight. 

WHEEL AND AXLE. 

Rule. — As the radius of the wheel is to the radius 
of the axle, so is the effect to the power. 

Example. — A weight of 50 lbs. is exerted on the 
periphery of a wheel whose radius is 10 feet ; requir- 
ed the weight raised at the extremity of a cord wound 
round the axle, the radius being 20 inches. 

50 lbs. multiplied by 10 ft. ; by 12 inches. 

= 300 lbs, 

20 inches. [Ans. 

PULLEY. 

Rule. — Divide the weight to be raised by twice the 
number of pulleys in the lower block ; the quotient 
will give the power necessary to raise the weight. 

Example. — What power is required to raise 600 
lbs., when the lower block contams six pulleys? 

600 

^ «- = 50 lbs., Ans. 

6 multiplied by 2 

INCLmSD PLANE. 

RuLE.^^As the length of the plane is to its height, 
so ii» the weight to the power. 
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Example. — Required the power necessary to raise 
640 lbs. up an inclined plane, five feet long and two 
feet high. 

As5:2::540:216lbs., Ans. 

WEDGE. 

Case 1. — When two bodies are forced from one ofi' 
other by means of a wedge, in a direction parallel to its 
Jfock. 

Rule. — As the length of the wedge is to half its 
back or head, so is the resistance to the power. 

Example. — The breadth of the back or head of the 
wedge being three inches, and the length of either of 
its inclined sides 10 inches, required the power jieces- 
sary to separate two substances with a force of 150 
lbs: 

As 10 : 1 1-2 :; 150 : 22 1-2 lbs., Ans. 

Case 2. — When only one of the bodies is moveable. 

Rule. — As the length of the wedge is to its back 
or head, so is the resistance to the power. 

Example. — The breadth, length, and force, the 
same as in the last example. 

As 10: 3:: 150 : 45 lbs., Ans. 

SCREW. 

The screw is an inclined plane, and we may sup- 
pose it to be generated by wrapping a triangle, or an 
inclined plane, round the circumference of a cylindei:* 
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The base of the triangle is the circumference of the 
cylinder ; its height, the distance between two con- 
secutive cords or threads ; and the hypothenuse forms 
rhe spiral cord or inclined plane. 

Rule. — To the square of the circumference of the 
screw, add the square of the distance between two 
threads ; and extract the square root of the sum. This 
will give the length of the inclined plane ; its height 
is the distance between two consecutive cords or 
threads. 

When a winch or lever is applied to turn the screw, 
the power of the screw ia as the circle described by 
the handle of the winch, or lever, to the interval or 
distance between the spirals. 

Velocity is gained at the expense of power hy the lever ^ 
and the wheel and axle. 

LEVER. 

Case. — Wlien the weight to he raised is at one end of 
tlie lever, the fulcrum at the other, and the power is ap- 
plied between them. 

Rule. — ^As the distance between the power and the 
fulcrum is to the length of the lever, so is the weight 
to the power. 

Example. — The length of the lever being eight 
feet, and the weight at its extremity 60 lbs., required 
the power to be applied six feet from tlie fulcrum to 
raise it ? 

As 6:8 :: 60:80 lbs.. Ana. 
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NJBv Any other example may to cxm^ted by 
Wtersasag any of the for^;oii]g(^ratioDa» 
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